Kocuria salina sp. nov., an actinobacterium isolated from the rhizosphere of the halophyte Arthrocnemum macrostachyum and emended description of Kocuria turfanensis 
Stackebrandt et al. [1] proposed the creation of the genus Kocuria as a reclassification of several representatives of the genus Micrococcus that exhibited different phylogenetic and chemotaxonomic properties. At the time of writing 23 species with validly published names were considered affiliated to the genus Kocuria with K. rosea as its type species. Kocuria species can be found under saline conditions, i.e. marine environments [2] , marine sediments [3] , seawater [4] or saline and alkaline soils [5] [6] [7] . However, they have also been recovered from other environments such as human skin [8] , air [9] , fermented food [10] [11] [12] , an Antarctic pond [13] or cold dessert soil [14] as well as from the rizoplane of the plant Typha angustifolia [15] .
Strain Hv14b
T was isolated during a screening for plant growth promoting bacteria from the rhizosphere of the halophyte Arthrocnemum macrostachyum in the Lebrija marshes, Seville, Spain (36 64¢ 29 † N -6 12¢ 92 † W), in 2013. A. macrostachyum L. (glaucous glasswort, Chenopodiaceae) is a C3 shrub that inhabits the Spanish salt marshes, ecosystems characterized by sandy, saline and poor soils [16] . This study, based on a polyphasic approach, refers the taxonomic position of strain Hv14b
T representing a novel species within the genus Kocuria, isolated from a rhizosphere soil sample of the plant A. macrostachyum.
Rhizosphere soil samples were suspended and homogenised in sterile mineral buffer (0.5 g K 2 HPO 4 , 0.2 g MgSO 4 . 7H 2 O, 0.1 g NaCl and 0.05 g CaCl 2 in 1 l distilled water; [17] ). Serial dilutions were plated on Nutrient Agar (NA, Scharlau: 1 g meat extract, 2 g yeast extract, 5 g peptone, 5 g NaCl in 1 l distilled water, plus 16 g l À1 agar) supplemented with cycloheximide (100 mg l À1 ), adjusted to pH 7.4. The inoculated plates were incubated at 28 C for 3 days. Strain Hv14b T was firstly isolated based on colony morphology and purified by sub-culturing on NA plates. The cultures were suspended in 0.5 % peptone and 15 % (w/v) glycerol for preservation at À80 C.
The colony morphology and pigmentation of strain Hv14b T was observed on NA after 3 days under a binocular microscope according to Pelczar [18] . The exponentially growing bacterial culture was observed with an optical microscope (Zeiss AxioScope A1) with a 100-fold magnification and phase-contrast illumination. Micrographs of bacterial cells grown in Nutrient Broth (NB) for 3 days were taken with a field-emission scanning electron microscope (FE-SEM Merlin, Zeiss). Motility was examined by stabbing a wire loop on tubes containing NA medium with 0.3 % agar and would have considered positive when observing a hazy zone around the stab line. Gram staining was performed according to Halebian et al. [19] and checked by the KOH test [20] . Activity of oxidase was analysed using filter-paper disks (Sartorius grade 388) impregnated with 1 % solution of N,N,N¢,N¢-tetramethyl-p-phenylenediamine (SigmaAldrich); a positive test was indicated by the immediate development of a blue-purple colour after applying biomass on the filter paper. Catalase activity was tested by the observation of bubbles following the addition of drops of 3 % H 2 O 2 . Anaerobic growth was assessed on NA and NA supplemented with potassium nitrate (0.2 %) by incubation in an anaerobic pouch at 28 C for 20 days. Growth rates were determined on NA plates for temperatures from 0 to 50 C in steps of 5 C and in NB tubes adjusted to pH 4.0-12.5 (in steps of 1.0 pH units, or 0.5 in the last step) using the organic buffers homopipes, MOPS and Tris at concentration of 20 mM each, for pH 4-5, 6-7 and 8-9, respectively, and 0.05 M Na 2 HPO 4 /0.1 M NaOH buffer for pH 10-12.5.
Tolerance to sodium chloride was tested on NA (0.5 % NaCl) supplemented with 0.5-12.5 % (w/v) NaCl for a final NaCl concentration of 1-13 %. Degradation of specific substrates was examined using agar plates with various basal media, where results were considered as positive with the appearance of clear zones around the colonies: casein degradation was tested on medium containing skimmed milk (5 %) solidified with 1 % agarose; tyrosine degradation was investigated on plates containing peptone (0.5 %), beef extract (0.3 %), L-tyrosine (0.5 %) and agarose (1.5 %); the decomposition of xanthine and hypoxanthine was investigated by the same test, replacing L-tyrosine by hypoxanthine or xanthine (0.4 %), respectively; starch degradation was tested on plates containing nutrient broth (0.8 %), starch (1 %) and agarose (1.5 %), developing these plates by flooding with iodine solution (1 %) after incubation for 3 days. Enzyme activities of strain Hv14b
T were tested using API ZYM galleries according to the instructions of the manufacturer (bioM erieux) preparing the cell suspensions in API Suspension Medium. The oxidation of carbon compounds and resistance to inhibitory chemicals of strain Hv14b
T was determined using GEN III Microplates incubated in an Omnilog device (BIOLOG) in comparison with the reference strains K. polaris DSM 14382 T , K. rosea DSM 20447 T and K. turfanensis DSM 22143 T in parallel assays. For inoculating the GEN III Microplates, one loop of biomass grown on PYGV minimal media (www.dsmz.de/microorganisms/ medium/pdf/DSMZ_Medium621.pdf) for 48 h, was suspended and washed twice in saline solution. This suspension was used for inoculating the viscous fluid (IF) A at a cell density of 99 % transmittance (T), and yielding a running time of 5 days in Phenotype Microarray mode at 28 C. The exported data were further analysed with the opm package for R [21, 22] v.0.9.23., statistically estimating parameters from the respiration curves such as the maximum height, and automatically 'discretizing' these values into negative and positive reactions. All the tests were run in two independent determinations. Contradictory results between repetitions were regarded as ambiguous.
The extraction of cellular fatty acids was carried out from biomass grown on NA plates held at 28 C for 3 days and harvested always from the same sector (the first and the second quadrant streak). Analysis was conducted using the Microbial Identification System (MIDI) Sherlock version 6.1 (results evaluated against the TSBA40 peak naming table database) as described by Sasser [23] . Biomass used to extract polar lipids and quinones was grown in NB and then freeze-dried. Polar lipids were extracted and separated by two-dimensional thin-layer chromatography (TLC) according to Bligh and Dyer [24] and Tindall et al. [25] and identified by Minnikin et al. [26] as modified by Kroppenstedt and Goodfellow [27] . Respiratory lipoquinones were extracted using methanol:hexane (2 : 1, vol/vol), separated into their functional classes by TLC and analysed by reverse phase HPLC as described by Tindall [28, 29] . Analysis of cellular fatty acids, polar lipids and respiratory lipoquinones were carried out using the reference strains listed above in parallel experiments. The isolation of the peptidoglycan and elucidation of its structure were carried out according to published protocols [30] . A purified peptidoglycan preparation was obtained after disruption of cells by shaking with glass beads and subsequent trypsin digestion. The amino acids and peptides in peptidoglycan hydrolysates (4 M HCl; 100 C; 16 and 0.75 h, respectively) were analyzed by twodimensional ascending thin-layer chromatography on cellulose plates. The molar ratios of amino acids were determined by gas chromatography and gas chromatographymass spectrometry of N-heptafluorobutyryl amino acid isobutyl esters. The G+C content of the chromosomal DNA was determined by HPLC according to Mesbah et al. [31] . Chromosomal DNA was isolated with Wizard Genomic DNA Purification Kit (Promega). The 16S rRNA coding gene was amplified by PCR using universal primers 8 f and 1522 r [32] at an annealing temperature of 55.0 C. The sequencing of purified DNA was performed by BigDye Terminator v.3.1 cycle sequencing kit (Applied Biosystems) as directed by the manufacturer's protocol and ABI PRISM 3730 DNA analyser (Applied Biosystems). Sequence data were edited and assembled manually using BIOEDIT (Sequence Alignment Editor) v.7.0.5 [33] . Phylogenetic analyses and the rooting of the resulting trees were conducted as previously described [34] using the DSMZ phylogenomics pipeline [35] adapted to single genes integrated in the GGDC web server [36] available at http://ggdc.dsmz.de/. Pairwise similarities were calculated as recommended by Meier-Kolthoff et al. [37] for the 16S rRNA gene available via the GGDC web server. For DNA-DNA hybridization tests cells were disrupted by using a Constant Systems TS 0.75 KW (IUL Instruments). DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. [38] . DNA-DNA hybridization tests were performed as described by de Ley et al. [39] with the modifications suggested by Huss et al. [40] using a Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian).
Cells of strain Hv14b
T were Gram-staining-positive, aerobic and non-motile cocci of 0.8-1Â1-1.2 µm. Cells of strain Hv14b
T appeared mainly in single or pairs (rarely in tetrads) (Fig. S1 , available in the online version of this article). It grew best at 5-40 C on NA. Colonies were pastel orange coloured, circular (1.0 mm in diameter), convex, smooth and with entire margin on NA, after 2 days incubation at 28 C. Growth was observed at pH 7.0-11.0 and in the presence of 1-12 % (w/v) NaCl. Growth was also observed in NB (Difco) which did not contain NaCl. The oxidation of carbon compounds and resistance to inhibitory chemicals are shown in Fig. S2 ; a summary of some differential phenotypic characteristics is presented in Table 1 .
Strain Hv14b
T contained MK-8(H 2 ) as its major menaquinone (71 %) and MK-7(H 2 ) (11.7 %) and MK-9(H 2 ) (10.6 %) as minor components in agreement with the results reported by Stackebrandt et al. [1] for the genus Kocuria. The polar lipids profile consisted of the predominant compounds diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and an unidentified glycolipid in agreement with the polar lipids profiles shown by the reference strains used in this study (Fig. 1) and those observed in other species in the genus [1] . Other unidentified glycolipids (GL2, GL3, GL4, GL5, GL6, GL7, and GL8) were also found in the profiles of K. polaris DSM 14382 T , K. rosea DSM 20447 T and K. turfanensis DSM 22143
T . The presence of unidentified GLs was already detected in the polar lipids profiles of other species belonging to the genus Kocuria such as K. himachalensis [14] and K. kristinae [1] . In agreement with other species in the genus Kocuria used in this study, strains Hv14b T contained the major cellular fatty acids anteiso-C 15 : 0 and iso-C 15 : 0 ( Table 2 ). The peptidoglycan of strain Hv14b T contains muramic acid (Mur) and the amino acids alanine (Ala), glutamic acid (Glu) and lysine (Lys) in the molar ratios 5.1 Ala: 1.0 Glu: 0.7 Lys: 0.7 Mur. After hydrolysis under milder conditions (4 M HCl, 0.75 h, 100 C), the hydrolysate contained, in addition to the amino acids, the
From these data it was concluded that strain Hv14b
T displayed the peptidoglycan type A3a L-Lys -L-Ala 3 (type A11.6 according to www.peptidoglycan-types.info). These results are in agreement with Oxidase À +* + ‡ À ‡ Oxidation of (Gen III Microplates):
b-Hydroxy-butyric acid À + + + Sodium bromate + + À + *Reddy et al. [13] . †Stackebrandt et al. [42] . ‡Zhou et al. [9] . T and the closest relatives were placed within the same phylogenetic group by maximum likelihood inference (Fig. 2) . DNA-DNA hybridization between strain Hv14b and its relatives K. polaris, K. rosea and K. turfanensis displayed a DNA-DNA relatedness of 52.4±3.4, 50.6 ±2.0 and 54.1±2.7 %, respectively. Additional DNA-DNA hybridizations were not carried out with this strain, based on the observations reported by Meier-Kolthoff et al. [37] , who statistically established a 16S rRNA threshold at 99.0 % with a maximum probability of error of 1.00 % to get DNA-DNA hybridization values above the 70 % threshold recommended by Wayne et al. [41] to confirm the species status of novel strains.
Several phenotypic characteristics apart from the phylogenetic analysis based on 16S rRNA gene sequence support the distinctiveness of strain Hv14b
T from other Kocuria species. Based on the phenotypic and genotypic data presented above, strain Hv14b
T is proposed as the type strain of the novel species named Kocuria salina sp. nov. Based on a review of the literature and new data related to polar lipids profiles obtained in this study, an emended description of K. turfanensis is also provided.
EMENDED DESCRIPTION OF KOCURIA TURFANENSIS ZHOU ET AL. 2008
The properties are as given in the species description by Zhou et al. [9] with the following emendation. The polar lipids profile contains diphosphatidylglycerol, phosphatidylglycerol and six unidentified glycolipids (the chromatographic mobility of which are documented in Fig. 1d ). DESCRIPTION OF KOCURIA SALINA SP. NOV.
Kocuria salina. (sa.li¢na. L. fem. adj. salina, salty referred to the ability to grow under saline conditions of the type strain).
Cells are Gram-staining-positive, aerobic, unable to grow anaerobically with nitrate as terminal electron acceptors, non-spore-forming, non-motile, catalase positive and oxidase negative. Colonies are pastel orange coloured on NA. Growth occurs from 5 to 40 C, at pH 7.0 to 11.0 and in the presence T was used as outgroup.
